Abstract. The purpose of this study was to identify clinical and ultrasound (uS) features of malig nancy in patients using cytological results of follicular neoplasm (Fn) in the thyroid. We followed 165 patients with cytology diagnosed Fn and evaluated the final surgical histopathology outcomes in 114 patients between March 2006 and November 2008. Patient histopathology, age, sex, tumor size, and US charac teristics and the color flow pattern of the lesions were analyzed and compared between benign and carci nomas. Twenty five (21.9%) of the 114 FN were found to be follicular carcinomas (FC); 15 minimally invasive FC, 4 widely invasive FC, and 6 FVPTC. Benign included 78 FA, 8 atypical FA, and 3 Hurthle cell adenomas. The incidence of malignancy was 31.8% (7/22) in men and 19.6% (18/92) in women (p=0.253); and it was similar throughout the different age (<45 vs. >45) and nodule size groups (<2cm vs.>2cm, <4cm vs. >4cm). The difference of shape, margin, the presence of a halo, internal content, and calcifications was not statistically significant (p value =0.05). In malignancy more frequent internal central color Doppler flow was present (p=0.030). Color Doppler flow pattern of FN with other clinicopathological factors should be carefully considered when predicting the malignant potential of FN.
UltrAsoUnd-gUided fine-needle aspiration (US-FNA) is now a widely accepted initial diagnostic work up in the management of thyroid nodules, but limitations exist in the distinction of a malignant follicular neoplasm (FN) from a benign lesion [1, 2] . Cytologically, follicular carcinomas (FC) usually look identical to follicular adenomas (FA), and due to overlapping cytological features the only way to accurately distinguish between benign and malignant FN is on final pathology. Therefore, a diagnostic thyroid lobectomy is usually required to make the final diagnosis by evaluating for the presence of capsular and vascular invasion [3, 4] . Up to 80% of thyroid nodules diagnosed as FN turn out to be benign upon histological examination; approximately 20% are revealed to be malignant [2] . Several authors have described cytological features or biologic markers [5] [6] [7] that could be helpful in distinguishing between benign and malignant FN, but none of these cytology criteria or biological markers were found to be have diagnostic value [4, 8] . A few studies have attempted to create a predictive factor based on clinical features, but controversies and debates exist with this approach [9, 10] . In this study, we analyzed follicular lesions confirmed by preoperative FNA and correlated the results with the final histopathological diagnosis. We attempted to identify uS features of malignancy in Fn. Table 2 ). Incidence of malignana 22-gauge needle attached to a 10-ml syringe and the specimen was smeared and fixed in 95% alcohol for Papanicolaou staining. The LOGIQ 9 ultrasound scanner (GE Medical Systems, Milwaukee, WI USA) was used for guidance along with broadband high-frequency (7-15 MHz) linear transducers. Cytological diagnosis was made by three board-certified, experienced pathologists. Cytological patterns suggesting a follicular neoplasm were defined as microfollicles with or without atypia, or atypia without mention of microfollicles. Microfollicular patterns included both predominant and partial microfollicular specimens, usually reported as indicating a possible FN. In cases in which characteristics of more than one pattern were present, the most predominant pattern was chosen. When specimens were considered inadequate for diagnosis due to scanty follicular cells, an air-drying artifact, or obscured by blood, repeated FNA was performed with or without giving a negative pressure. FNA results were divided into three groups: suspicious of Fn, suspicious of Fn with atypia, and follicular-derived neoplasm suspicious for papillary thyroid carcinoma. Surgical excision, unilateral lobectomy was performed in 88 patients and total thyroidectomy with or without lateral neck dissection was performed in 26 patients. Correlations were made between cytology and the surgically-confirmed histopathological diagnosis. US images of FN were specifically reviewed in comparison with malignancy and benign. We attempted to identify distinguishing cytological features predictive of the histological outcomes. For surgically-confirmed Fn patients, clinical features were evaluated according to sex, age, and nodule size. We compared these factors between the benign and malignant groups.
Materials and Methods
US features was evaluated retrospectively by reviewing stored images on PACS by a radiologist. We evaluated uS features of Fn according to size, shape, margin, echogenicity, calcification, and internal color flow to see if there were specific US features indicative of malignancy. Color Doppler was used to determine the flow of the FN. Setting of color gain were as follows: Pulse Repetition Frequency 1.3kHz, Gain 28-30, Wall filter 190hz, special filter/packet size 2/12, (L/A) Line density/frame average 213. We classified peripheral flow when nodule had peripheral low echoic rim with color flow mainly present on the outer side of low echoic rim. We defined central color flow when centripetal or centrifugal color flow was visualized within the nodule. For equivocal cases, we 2cm. The incidence of carcinoma is usually higher in older patients [14] , in our study 50% of the malignancies were found in patients younger than 45. Male sex has also been suggested as a risk factor for malignancy [15, 16] , although this is not supported by our findings or those of other authors [12, 17] . Thus, selecting patients for surgery according to size results a high risk of missing malignancies. We believe the use of various clinical variables (age, sex, and nodule size) along with cytological features still has limitations in identifying malignancy in Fn patients.
Ultrasound features
Investigation of imaging modalities has been carried out using US, CT scan, MRI, and F-18 fluoro-deoxy-glucose positron emission tomography [18] [19] [20] [21] . The studies demonstrated metastatic lesions well, but limitations existed in differentiating benign lesions from malignancy in FN [20] . It was impossible to prospectively predict the presence of malignancy with uS features, we can easily expect similar imaging features because the angiogenesis and biological behavior are very much alike in FA and FC. Our study shows that there are no specific US features that can differentiate FA from FC, despite the specific analysis in each imaging analysis of shape, margin, presence of halo, echogenicity, internal content, and calcification.
cy was not more frequent in patients 45 years or older as compared to the group younger than 45 years old (20.4% vs. 23.3%; p=0.703). When sizes were compared, malignant nodule was more common in lesions larger than 4cm, however this relationship was not statistically significant. (27.3% vs. 19.8%; p=0.379).
US features of benign follicular neoplasm and malignancy showed no statistically significant differences in shape, margin, presence of halo, echotexture and echogenicity, internal content, and calcifications ( Table 2 ). More frequent peripheral color flow was present in benign nodules compared to malignant nodules (37.1% vs. 22.2%), and internal central flow was more often visualized in malignant nodules (77.8% vs. 62.9%) with statistical significance of p value 0.030 ( Table 2) .
discussion
An attempt to subdivide cytological characteristics into three categories, Fn without presence of atypia, Fn with presence of atypia, and follicular derived neoplasm suspicious of PTC, were not helpful in differentiating malignant lesions from benign lesions and showed a high false positive rate in FVPTC. This suggests that despite efforts to investigate FN by cytological features alone, many limitations still exist in diagnosing malignancy in FN. As such, patients with cytology diagnosed Fn should undergo a diagnostic lobectomy or multiple frozen sections, and when histopathology identifies a malignancy, more extensive thyroidectomy should be performed [4, 11, 12] . Several studies have suggested that clinical features, including gender, nodule size, and age, can be helpful in selecting patients for radical surgery [1, 10, 13] . other reports have suggested that clinical factors are not helpful in predicting carcinomas and cannot reliably be used to select patients for more extensive surgical resection.
We did not find any statistically significant clinical factors such as sex, age, or nodule size useful in discriminating malignant from benign lesions in FN. According to a study by Paramo et al., the incidence of malignancy in Fn increased if nodule size was larger than 4cm, this suggested larger nodules have a higher possibility of being malignant [10] . However, in our study FC were not found more frequently in nodules larger than 4cm; in fact, 8 (32%) cases of malignancy were found in nodules measuring less than ful in differentiating malignancy from benign FA [23] .
In our study, we did not apply the grading system but applied the color Doppler routinely to determine the flow pattern in practice. When compare to Fukunari study, the number of FC was less but our study was not only designed to evaluate the flow pattern of FN but to evaluate the uS features of Fn in detail including the internal content, margin, shape, echotexture, echogenicity, and the presence of calcifications with the pre-operative cytology results. As several authors suggested that Doppler flow analysis can provide useful information regarding the probability of malignant involvement with follicular cytology results [4, [22] [23] [24] , we agree that it is useful in the decision-making process for surgical process, and the extent of resection of follicular lesions along with more careful pre-operative assessment.
Miyakawa et al. suggested that FC have an irregu- [22] . They suggested that high-velocity pulsatile blood flow penetrating the tumor is a characteristic finding of FC using differential diagnostic grading scores for color Doppler examinations, and concluded that uS with the color Doppler function can play an important role in the differential diagnosis. Miyakawa et al. also suggested that evaluation of the vascular pattern and the velocimetric parameters preoperatively was use-A ed in FC because these tumors usually have no psammoma bodies. Overall, in our study less than approximately one third of the FC showed malignant features on US [27] . The limitation of this study is that we had limited cases of widely invasive FC, and morphological difference may be subtle when minimally invasive FC and follicular adenoma were compared.
Due to a similar morphology of FC and FA, many FC might be initially missed and treated as benign nodules, bypassing FNAB. Therefore, US criteria of malignant thyroid nodules should be cautiously applied as indications for FNAB. Also clinical factors alone should not be used as a predictive factor of malignancy in FN and further research should be carried out to identify molecular markers of malignancy and imaging features of Fn. lar margin without a hypoechoic halo more frequently than do FA [23] ; although it was not statistically significant, ill defined margin was more often visualized in FC. They also suggested that cystic degeneration within the nodule is rarely seen in follicular carcinomas, but in our study 12 cases showed internal cystic degeneration in follicular malignancy (Figure 3) , and entire solid nodules were seen in 25 cases of follicular adenomas. The presence of a peripheral halo is due to compression of the normal thyroid tissue or capsule [25] ; in malignancy it would appear less since malignant nodules tend to infiltrate normal thyroid tissue. Macro or coarse calcifications were a common feature in FA (Figure 4 ). Microcalcifications in thyroid nodules are suggestive of psammoma bodies in papillary carcinomas [26, 27] , therefore, it could not be detect-
